Summary The purpose of the present study was to explore the therapeutic potential of serial administration of shedding-inducing endotoxin in a mouse tumour bladder model. The studies were conducted with two variants derived from the MBT-2 tumour namely, T5 and T50, the latter being far more aggressive than the former. It was found that T5 tumours responded to intravesical lipopolysaccharides (LPS) instillation by a considerable reduction in their pace of growth (P<0.0001) when treatment was initiated 3 days after tumour implantation, but not when started after 7 days. The T50 variant did not respond to LPS when treated 3 days after implantation, but a considerable reduction in rate of growth occurred when treatment was started after 1-2 days. Shedding induced by intravesically instilled LPS was found to retard considerably the progression rate of experimental bladder tumour.
Carcinoma of the bladder is the second most common urological neoplasm, accounting for approximately 5% of all new malignancies and 1.9% of all cancer deaths in the United States (Silverberg et al., 1990) . Papillary superficial transitional cell carcinoma is the most common type representing 75% of initial tumour events; of these, approximately 70% involve only the mucosa (Ta, Tis), while 30% invade the lamina propria (TI).
If treated by endoscopic resection alone, about 50% to 70% of these tumours will recur locally and usually display the same grade and stage (Torti and Lum, 1984; Rubben et al., 1988) ; hence, many of the patients are candidates for intravesical therapy. Response to the available intravesical agents ranges between 30% and 70% (depending on the drug used), and all of them are associated with serious side-effects (Herr et al., 1987; Soloway, 1987; Huland et al., 1990) .
We have previously shown that specific Escherichia coli bacteria and lipopolysaccharides (LPS) are capable of inducing shedding of normal urothelial cells (Aronson et al., 1988) . Shed cells originated from all the different mucosal layers: the majority of these cells was found to be viable. Desquamation starts about 1 h after LPS instillation, long before the appearance of polymorphonuclear cells. In addition, it was found that administration of aprotinin, an inhibitor of proteolytic enzymes, considerably abrogated the extent of shedding. These results suggest that the epithelial cells secrete proteolytic enzymes whose activity results in shedding, and that the cells are programmed to respond with shedding following proper stimuli. Our working hypothesis regards shedding as an antimicrobial defence mechanism, since bacteria which adhere to shed epithelial cells are washed out.
We have recently made use of the phenomenon of LPSinduced shedding for early detection of experimentally induced bladder tumour and, indeed, the efficacy of this method is considerably higher than that obtainable by irrigation of the bladder with saline (Nativ et al., 1994) . In the present study we investigated whether intravesical administration of LPS may also serve as an effective treatment for experimentally induced bladder tumour. This study was carried out with two tumour variants, T5 and T50, the latter being much more aggressively invasive than the former. Variant T50 was obtained by successive subcutaneous transplantations over a year, and could induce faster tumour development in the bladder without resorting to cauterisation -a procedure which was found to be indispensable for obtaining successful tumour growth with T5.
The T5 variant was kept frozen to prevent changes owing to serial transplantations, but it required five subcutaneous transplantations before it could grow successfully and develop in the bladder following transplantation. Received 2 January 1996; revised 13 March 1996; accepted 14 Marchof the catheter which, with the use of an electrocautery unit, could cause thermal injury to the bladder mucosa. A total of 105 viable tumour cells in 0.05-0.1 ml volume were delivered to the bladder through the cannula. The mice remained anaesthetised for another 45-60 min to prevent voiding of tumour cells. It should be remarked that this procedure was designed to float the cells in the bladder.
Materials and methods

Animals
Studies with T5
The animals were divided into three groups. Group 1 (n = 38) was left untreated after tumour implantation. Group 2 (n = 42) was subjected to 4-6 intravesical instillations of 200 Mg in 0.05-0.1 ml of active LPS (E. coli B4:055 Difco).
Treatment started either 3 or 7 days after the implantation and was administered every other day. Group 3 (n = 32) was treated under the same regimen as group 2, but the material injected consisted either of saline or of non-active LPS (E. coli 011 1B4 Difco).
All the treatments were carried out under light pentobarbital anaesthesia, and the various agents were inserted into the bladder via a 24-gauge teflon catheter.
Studies with T50 Two series of experiments were conducted, the conditions of the first series being similar to those of the T5 experiments. It was found, however, that if 3 days were allowed to elapse between implantation of tumour cells and the beginning of treatment, the tumour did not respond to the treatment. In the second series, treatment was therefore started 1 or 2 days after tumour implantation.
Statistical analysis
Comparison between treated subgroups was done by nonparametric (Kruskal-Wallis) analysis of variance.
Results
Studies with T5
In the present study, a total of 149 female C3H/eb mice were treated in five independent experiments. Upon completion of the treatment regimen, the animals were sacrificed, the bladders removed, weighed, processed for histology, stained with haematoxylin and eosin and examined in blind fashion by the study pathologists. Our findings, summarised in Table  I , are based solely on results obtained from the 112 animals (75% of total) in which successful tumour implantation was observed.
The mean bladder weight of untreated controls (group 1) reached 206+131 mg, while bladders obtained from the active LPS-treated animals had significantly lower weight [79 + 106 mg (P< 0.0001)]. In the third group of animals, which were treated either with saline or with inactive LPS, average bladder weight was 141 + 106 mg. While this is significantly higher than the weight of animals treated with active LPS (P<0.005), it is definitely lower than that of untreated animals, although this difference is not significant. The difference between the untreated animals and those treated by inactive LPS or saline is attributed to cellular desquamation owing to the mechanical effect of bladder irrigation. Examination of the shed cells (following all the treatment modalities) revealed that over 90% were of tumoral origin. Beginning 6 h after administration of LPS, migration of polymorphonuclear cells were observed, but without subsequent appearance of macrophages. Inflammatory processes were recorded at a rate of 2.5% -no difference being noted between saline or active LPS-treated animals.
In a second cohort of animals, treatment was delayed up to 7 days after tumour cells' implantation. No significant differences in tumour size or weight were noted among the three groups. Thus, the average bladder weights of untreated, active endotoxin-treated and saline or inactive endotoxintreated animals were 300, 253 and 290 mg respectively. The lack of response under these conditions seems to result from the fact that by the 7th day after implantation the T5 tumour cells have already deeply invaded the mucosa, and consequently were not exposed to the action of LPS.
Studies with T50
When treatment was initiated according to the standard procedure, 3 days after tumour implantation, administration of endotoxin was not effective, (as shown in Table I ) the average weights of bladders of untreated, endotoxin-treated and saline-treated animals being 278 + 125, 271 + 165 and 273 + 143 mg respectively (results of five separate experiments comprising 150 mice). The results resemble those obtained with T5 upon delayed treatment (7 days). Hence, we studied the effect of LPS administration 1 or 2 days after tumour implantation. It was found that a considerable reduction of tumour weight indeed resulted following LPS treatment (P<0.0001), the figures being 278+125, 63+62 and 140+88 mg respectively (results of three separate experiments including 100 mice).
Discussion
In the management of superficial bladder carcinoma, intravesical chemotherapy and immunotherapy are wellestablished procedures. As evidenced by several studies, the various agents in use can reduce the rate of tumour recurrence. Controlled clinical trials have shown that, following chemotherapy, the rate of tumour recurrence is reduced by 16-18%, immunotherapy achieved a complete response in about half of the patients with papillary tumours and over 70% in those with carcinoma in situ (Koontz et al., 1981; Schulman et al., 1982; Garnick et al., 1984; Soloway et al., 1981; Herr et al., 1989) . Of more importance is the impact of intravesical therapy on tumour progression and patient survival in superficial bladder cancer. In a study comprising over 1400 patients randomly treated intravesically by various chemotherapeutic agents (thiotepa, mitomycin C or doxorubicin), no significant difference was found by Lamm and Griffith (1992) between the various treatment groups. In various clinical studies on the efficacy of Bacillus CalmetteGuerin (BCG), summarised in a recent publication (Kamat et al., 1994) , the response rate varied between 59 and 80%. Clearly, more effective strategies are needed for the treatment of superficial bladder cancer.
Our results show that intravesical instillation of active LPS considerably reduces the rate of growth of implanted MBT-2 cells. LPS was injected repeatedly into the animals and no side-effects were noted. We assume that the reduced pace of tumour progression was caused by induction of shedding of the tumour cells, according to evidence gained from our previous study on early detection of experimental bladder tumour by means of LPS administration (Nativ et al., 1994) . In addition, histological examination of the resected bladder revealed no indication for local immunological process. However, in order for shedding to occur physical contact is required between the injected material and the tumour cells. The ineffectiveness in the late treatment of T5 is in agreement with this notion. The T50 variant proved to be very aggressive as it required no prior cauterisation of the bladder in order to be implanted successfully and also in this case we assume that there was not sufficient contact between the injected LPS and the tumour cells even after 3 days as many of the latter have already invaded deeper layers of the bladder.
The anti-tumour properties of LPS are well known, and are generally attributed to systemic stimulation of the immune system. In the present study, however, we are dealing with a local effect, probably restricted to action on the epithelial cells. Considering that LPS has been shown (Ding et al., 1992) to interact with the microtubule network, we may speculate that such a mechanism is involved in the shedding phenomenon.
With the isolation of a non-toxic lipid A fraction containing tumour regression activity (Takayama et al., 1981) , it will be of interest to test the latter's shedding potential with a view to clinical application. The experimental model currently used has its shortcomings: there is a large scatter of tumour progression rates following implantation. A considerable effort was undertaken to improve the reproducibility of our results which, however, did not prove to be successful. Since the use of trypsinisation for obtaining single cells was counterindicated we tried to obtain the latter by gradient centrifugation or by selective filtrations. However, the separated single cells seem to have a tendency to aggregate and the extent of scatter in these experiments was not diminished. The MBT-2 tumour employed by us is most commonly used, and considered a particularly suitable model for human bladder cancer; hence, we did not study other tumour models. Our purpose was to verify our assumption that induction of shedding will reduce the tumour mass: that is, such a technique can serve as an adjuvant to tumour resection.
Finally, by the use of LPS, earlier detection of the presence of tumour cells becomes possible, thus increasing the effectiveness of treatment by this agent.
